Key pecking by 7 pigeons was established and maintained on a multiple variable-ratio variable-ratio (VR) schedule of food presentation. The schedule in one of the components was then changed to fixed-ratio (FR) 1 for a predetermined number of reinforcers. Both components were then changed to extinction (i.e., multiple extinction, extinction). This sequence was repeated a different number of times for each pigeon to determine the relation between the number of reinforcers delivered during each component of the multiple VR FR 1 schedule and the number of responses during extinction. For most pigeons, there were fewer responses during extinction in the presence of a stimulus recently correlated with FR 1, regardless of the number of reinforcers received. The ratio of the total responses in extinction in the former VR component to the total responses in the former FR 1 component increased as the number of reinforcers delivered during each component of the multiple schedule increased. Within-subject replications of the partial-reinforcement extinction effect generally occurred, and there were no overall reductions in the number of responses in extinction with repeated exposures to extinction.
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Reprints may be obtained from Troy J. Zarcone, Johns Hopkins Medical Institutions, Behavioral Biology Research Center, Hopkins Bayview Research Campus, 5510 Nathan Shock Drive Suite 3000, Baltimore, Maryland 21224-6823 (E-mail: Zarcone@bpru.uucp.jhu.edu). up (e.g., overfishing a small pond) could be detrimental if it prevented the organism from going on to more profitable activities (e.g., searching a bush for berries). Any general theory of behavior has to be able to deal with the persistence of behavior when contingencies for that behavior have changed (Jenkins & Stanley, 1950) , especially when that change is to extinction.
The investigation of behavior that is no longer reinforced became a commonly used tool in the testing and refinement of early theories of behavior. The usual method of examining the effects of different schedules of reinforcement on persistence involved between-groups comparisons (see Jenkins & Stanley, 1950 , for a review). Separate groups of subjects were exposed to different schedules of reinforcement followed by the withdrawal of reinforcement. The usual result is a robust effect called the partial-reinforcement extinction effect (PREE), which describes the greater persistence in responding during extinction (EXT) following a history of intermittent reinforcement compared to reinforcement of every response (fixed-ratio [FR] 1). Despite the consistency of the results produced by the between-groups design, the question remained regarding whether this phenomenon was reflective of a process observable in individual organisms, a question best answered by attempting to replicate the PREE using a within-subject experimental design.
In a within-subject experiment designed to examine the PREE, each subject is trained on a continuous and intermittent reinforcement schedule and then is exposed to extinction. Each schedule of reinforcement can be presented at different times and in the presence of different discriminative stimuli (i.e., as components of a multiple schedule). During extinction the different discriminative stimuli continue to be presented at different times, but without reinforcement. Many attempts at generating a within-subject PREE have produced reversed PREEs, that is, more persistent responding after FR 1 than after intermittent reinforcement (e.g., Adams, Nemeth, & Pavlik, 1982; Nevin, Mandell, & Atak, 1983; Pavlik, Carlton, Lehr, & Hendrickson, 1967) . One possible reason for the reversed PREEs may be that withinsubject procedures usually have maintained equal component durations for the FR 1 and intermittent reinforcement schedules. This arrangement results in fewer reinforcer presentations under the intermittent reinforcement schedule than under the FR 1 schedule. In support of this view, previous parametric analyses have shown that the number of responses made during extinction increases with increases in the number of reinforcers during training in both simple schedules (Jenkins, 1962; Perin, 1942; Williams, 1938; Wilson, 1954) and multiple schedules (Hearst, 1961) . The purpose of the present experiment was to investigate the effects of using a within-subject procedure that equated the number of reinforcers presented by the intermittent and FR 1 reinforcement schedules prior to extinction.
An additional purpose of this experiment was to determine the extent to which the implementation of FR 1 after intermittent reinforcement would reduce the number of responses emitted during extinction. If intermittent reinforcement produces more persistent responding during subsequent extinction than does FR 1, presentation of FR 1 after intermittent reinforcement might be expected to reduce the degree of persistence (Theios, 1962) . The effects of FR 1 on behavior that has been previously maintained on intermittent reinforcement have been mixed. Many early experiments showed no reductions in persistence with the interpolation of FR 1 (Jenkins, 1962; Likely, 1958; Quartermain & Vaughan, 1961; Sutherland, Mackintosh, & Wolfe, 1965; Theios, 1962) , but later experiments showed reductions (Dyal & Sytsma, 1976; Stalling, Moreland, Merrill, & Scotti, 1981) . One possible explanation for the different results may lie in the training procedures. The earlier experiments involved training two groups of subjects with intermittent reinforcement. The group that received only intermittent reinforcement was then exposed to extinction. The group that received the interpolated FR 1 received additional reinforcement before extinction, resulting in more reinforcer presentations for the intermittent-plus-FR 1 group. The later experiments that showed a reduction in persistence after FR 1 training included continuing exposure of the intermittent-reinforcement group to intermittent reinforcement while exposing the other group to FR 1 reinforcement. The importance of the number of reinforcer presentations is further suggested by the results of a reanalysis of data reported by Jenkins (1962, Experiment 2) . Jenkins found no statistically significant difference between a group that received only intermittent reinforcement and a group that received intermittent reinforcement plus additional FR 1. Our post hoc comparison of groups in this same experiment with an equal number of reinforcer presentations, however, showed that interpolated FR 1 reduced the responding in extinction. Again, the number of reinforcer presentations during training seemed to play an important role in the persistence of responding during extinction, and this variable may account for some of the discrepancies found in the PREE literature.
METHOD

Subjects
Seven adult male experimentally naive White Carneau pigeons (Columba livia) were housed individually in a colony room (16:8 hr light/dark). They had continuous access to vitamin-enriched water and health grit. Pigeons 2374, 3180, and 3519 started the experiment at 80% of their free-feeding Note. For Pigeon 2875 different VR schedules were used between the first extinction series and the extinction series that followed (i.e., 2 and 3).
weights, but were later reduced to 70% to increase stability of responding (see below). Pigeons 2822, 2842, 2875, and 2880 were maintained at 70% of their free-feeding weights throughout the experiment. Each bird was fed mixed grain after the experimental session as necessary to maintain the desired body weight.
Apparatus
An operant conditioning chamber for pigeons (Lehigh Valley Electronics Model 1519c) with workspace dimensions of 35.5 cm by 30.5 cm by 35.5 cm was used. The chamber was fitted with a three-key display board (Model 132-02). Three response keys, 2.5 cm in diameter, were located 5.6 cm from each other and 23 cm from the chamber floor in a horizontal row on the display wall. Only the center key was used in the experiment. A key peck with a force greater than 0.18 N started a 70-ms tone from a Sonalert (Model SC628) and was counted as a response. The Sonalert was located behind the front wall, 2.0 cm from the floor. The center key could be transilluminated from the rear by a white, green, or red light. The left key was dark and inoperable, and the right key was replaced with an aluminum plate. The chamber was illuminated by a 1.2-W bulb (houselight) 5.5 cm above the center key.
During the 3-s operations of the food hopper, pigeons gained access to mixed grain (0.5 milo, 0.4 buckwheat, 0.1 hemp). 1 The opening to the food hopper was 5.7 by 5.2 cm and was located 9.0 cm below the center key. The inside of the food hopper was illuminated by a 1.2-W bulb. During food presentations the keylight and houselight were turned off.
The chamber was kept in a room in which white noise was present continuously. A custom-built computer, operated under the EC Basic control system (Walter & Palya, 1984) , programmed contingencies, collected data, and interfaced with an IBM-compatible computer in an adjacent room. A Gerbrands (Model C-3) cumulative response recorder was also used to monitor responding.
Procedure
Key-peck shaping and schedule fading. Each pigeon was placed in the chamber for at least two 30-min adaptation sessions in which the houselight was on and no behavioral contingencies were programmed. Magazine training followed until pigeons reliably approached and ate from the hopper with short latencies after it was raised. Key pecking was shaped by differentially reinforcing successive approximations to the final response. The keylight was white during this training. After key pecking had been maintained for two sessions of FR 1 (40 reinforcers per session), the schedule was changed to a multiple FR 1 (green keylight) FR 1 (red keylight) schedule. Throughout all conditions in which reinforcement was available, components alternated after every fifth reinforcer presentation and were separated from each other by a 1-min timeout (houselights and keylights turned off). The starting component of the multiple schedule was determined each day by a Gellermann (1933) series (green, red, green, green, red, green, red, red; repeats) . Sessions ended after 8 or 10 components (see Table 1 ). The response requirement was increased gradually until key pecking was maintained on two equal variable-ratio (VR) schedules. Table 1 shows the terminal VR schedules for each pigeon. The VR schedules were constructed by randomly selecting, with-out replacement, values from a list of 25 numbers ranging from 1 to twice the value of the VR schedule (e.g., VR 100: 1, 12, 19, 25, 37, 44, 50, 62, 69, 75, 81, 87, 100, 112, 118, 125, 132, 140, 150, 156, 162, 175, 181, 187, 200) . Variable-ratio values of 50 and 25 were used for some pigeons to maintain responding without pauses after attempts with VR 100 failed to do so consistently.
Key-peck maintenance and extinction. The experiment consisted of repeated exposures to a three-phase series. In the first phase, reinforcers were arranged according to a multiple VR n VR n schedule (multiple VR VR). When performance was stable (see below), the second phase was implemented using a multiple VR n FR 1 schedule of reinforcement (multiple VR FR 1). For the majority of the assessments, the multiple VR FR 1 phase continued until a predetermined number of reinforcers was delivered. The multiple VR FR 1 phases for Pigeon 2374 (Series 1 and 2), Pigeon 3519 (Series 1 and 2), and Pigeon 3180 (Series 1) were terminated when performances stabilized as defined below. The third phase consisted of a multiple extinction extinction (multiple EXT EXT) schedule and was terminated after no key pecking occurred for five consecutive daily sessions. Table 2 shows the number of sessions for each phase of each series and the total number of reinforcers for the multiple VR VR and multiple VR FR 1 phases. The numbers listed below each pigeon's identification number indicate the order of exposure (i.e., the pigeon was exposed to Number 1 first, followed by Number 2, etc.). Note that Pigeons 3180 and 3519 in Extinction Series 6 and 7, respectively, were exposed to the multiple EXT EXT phase immediately after the multiple VR VR phase. Due to experimental error (accidental exposure to multiple VR VR or multiple VR FR 1 schedules during extinction), multiple EXT EXT phases for 2842-2, 3180-3, 3519-2, 3, 4, and 6 were not continued to the extinction criterion. An equipment failure caused a dimmer green keylight to be presented during the multiple VR FR 1 and multiple EXT EXT portions for 2 pigeons. This keylight stimulus change occurred for Pigeons 2880-1 and 3519-4 (13 and 24 sessions, respectively) before the introduction of the multiple EXT EXT schedule. The data for pigeons exposed to experimental errors are presented for the individual pigeons but are not included in the group analyses.
The scheduled duration of each presentation of a component during multiple EXT EXT (Appendix A) was calculated in the following ways. A geometric mean of the duration of each individual component was calculated from the last five sessions under the VR schedule in that component. For some of the series (Pigeons 3519-1, 2, 3; 3180-1, 2; 2875-1; 2374-1, 2), the individual geometric means for each of the components were then used to time the individual component presentations during extinction, resulting in a separate value for each of the green and red keylight components (e.g., eight different values for subjects exposed to eight components). For other series (Pigeons 2880-1; 2875-2; 2822-1), all the component durations during extinction were the same length for all the green and all the red keylight components (i.e., one value for all of the green keylight components and another value for all of the red keylight components) and were based on the arithmetic average of VR component durations in the last five sessions before extinction. In the remaining series, the longer of the two arithmetic means of the component durations was used for all components during extinction, resulting in one value used to time the durations of all the components for both the green and red keylight components. One important result of how component durations were arranged is that in all multiple EXT EXT phases (except for Pigeon 2374-1), the two stimuli of the multiple schedule were presented for equal durations, or the stimulus previously paired with FR 1 was presented for a longer duration. Instances of longer exposure to the stimulus previously associated with FR 1 during extinction therefore should provide a conservative estimation of the PREE.
Key-peck retraining. Once responding met an extinction criterion during the multiple EXT EXT schedule (i.e., 5 successive days without a response in the presence of either stimulus), the pigeon was exposed to a multiple FR 1 FR 1 schedule during the following daily session. The multiple VR VR schedule was gradually reinstated in a series of steps, as designated in Table 1 . Retraining consisted of in- Table 2 Session and reinforcer presentation parameters and total responses during extinction. creasing both VR schedules (e.g., FR 1, VR 2, VR 5, VR 10, VR 20, VR 50, VR 75, VR 100) when the daily cumulative records showed consistent responding without pauses. If a pigeon did not peck within approximately 5 min after the beginning of the multiple FR 1 FR 1 session, one of two priming procedures was used to generate responding. The first procedure consisted of operating the food hopper once or twice for 3 s independent of responding. The second procedure consisted of the experimenter opening the chamber door and pressing the lighted center key with his finger, which operated the feeder. A few pigeons began key pecking within the first 5 min of the multiple FR 1 FR 1 schedule, and the rest of the pigeons began key pecking after one of the two priming procedures.
Statistical procedures. At some points in the experiment, stability criteria were employed to determine when to change phases. Stability criteria were calculated using kappa (Johnston & Pennypacker, 1980 ) and celeration (Lindsley, 1969; cited by Johnston & Pennypacker, 1980) . Stability was defined arbitrarily as celeration values between 0.90 and 1.10 and kappa values less than or equal to 1.10 for each component (green or red) of the multiple schedule and were based on the response rates for each component during the five most recent consecutive daily sessions. The geometric mean ratio (GMR) measured the equality of responding between the two VR components (multiple VR VR phase) and was computed as the ratio of the geometric means of the response rates for the last five sessions for each component, the larger geometric mean divided by the smaller. Equivalence between components was defined as a GMR value less than or equal to 1.10.
For the last series replication for Pigeons 2822, 2842, 3875, 2880, and 3180, changes from the multiple VR VR to the multiple VR FR 1 schedule occurred after approximately 30 sessions independent of the stability criteria. Due to the focus of the experiment on the manipulation of the number of reinforcers delivered during multiple VR FR 1, only five of the changes to multiple EXT EXT were made with regard to the stability criteria (2374-1, 2; 3519-1, 2; and 3180-1). The remaining changes from multiple VR FR 1 to multiple EXT EXT were determined arbitrarily and were chosen to examine representative values of the number-of-reinforcers parameter.
RESULTS
In 23 of 25 cases, there were fewer total responses during extinction after a recent FR 1 history than after a VR history (see Table  2 , last two columns). Figure 1 shows cumulative extinction curves for Pigeons 2842, 2875, 3180, and 3519. For the first few sessions of extinction there was a high rate of responding after both FR 1 and VR schedules. The VR history generally produced a high rate of responding during extinction for a few additional sessions before response rates decreased. Major changes in key-pecking rates (i.e., responses in only one of the components) generally were not seen after the first 10 to 15 sessions of extinction. Cumulative responses during extinction after FR 1 occasionally exceeded cumulative responses after VR, but this reversal only resulted in a reversed PREE on only two occasions (i.e., 2875-3 and 2842-4), both after minimal FR 1 training. Figure 2 shows scatter plots of the number of key pecks emitted during extinction in the presence of the stimulus that had been correlated with VR reinforcement (upper left panel) and with FR 1 (upper right panel) as a function of the number of reinforcers per schedule component presented during the preceding multiple VR FR 1 phase. The lower left panel shows key pecks in extinction during the stimulus that was formerly correlated with a VR schedule as a function of the number of reinforcers per component schedule during both the multiple VR VR and multiple VR FR 1 phases. These analyses show both between-and within-subject variation. The number of responses emitted during extinction in the presence of the stimulus that had been correlated with FR 1 was variable across subjects (r ϭ Ϫ.31). Pigeons 3180 and 3519 showed no systematic effect of the number of reinforcers delivered during the immediately previous multiple VR FR 1 phase, whereas Pigeons 2842 and 2875 showed decreases in the number of responses during extinction as the number of previous reinforcers during the multiple VR FR 1 schedule increased. The number of responses emitted during extinction after VR reinforcement also was variable across subjects and showed no systematic relation (r ϭ Ϫ.03) to the number of reinforcers per component schedule presented during the multiple VR FR 1 schedule, or to the number of reinforcers per component presented during the multiple VR VR and multiple VR FR 1 phases combined (r ϭ .22; this value is inflated by the rightmost point). Figure 3 shows an extinction ratio as a function of the number of reinforcers per component schedule presented during the immediately preceding multiple VR FR 1 phase. The extinction ratio compares responding during the two discriminative stimuli by dividing the total responses emitted during extinction in the presence of the VR discriminative stimulus by the total number of responses emitted during extinction in the presence of the FR 1 discriminative stimulus. An extinction ratio of 1.00 indicates no difference between the extinction performances after VR and FR 1 (dotted horizontal line). Extinction ratios greater than 1.00 indicate a PREE. Ratios less than 1.00 indicate a reversed PREE. The larger the absolute value of the extinction ratio, the greater the differences in extinction performances after VR and FR 1. The extinction ratio was almost always greater than 1.00 and usually increased as the number of reinforcers during multiple VR FR 1 increased (b [slope] ϭ .71, r ϭ .83) for the combined data. The dashed lines for Pigeons 3180 and 3519 show the ratio following multiple VR VR (no interpolated FR 1) and thus provide an estimate of color bias. For both pigeons there was a bias toward the color that was consistently associated with the VR schedule. The estimate of color bias was made in the last condition for these 2 subjects (Table 2) .
Several extinction criteria were used post hoc to determine the relation between timewithout-a-response extinction criteria and the PREE. Each criterion required a continuous period of time without a response (i.e., five sessions, one session, or one component). In addition, these criteria could be linked to both discriminative stimuli of the multipleschedule pair. For example, a linked criterion stipulated that a response could not occur for five consecutive sessions in the presence of either stimulus of the multiple schedule. An unlinked criterion was the termination of the extinction phase for each stimulus separately. Thus, once an extinction criterion was met in the presence of one stimulus of a two-component multiple schedule, responses were no longer counted for that stimulus, but responses in the presence of the other stimulus continued to be counted until the extinction criterion was met for that stimulus. Figure 4 shows that the more stringent the extinction criterion (i.e., longer time without a response and linked to both discriminative stimuli), the larger the correlation between the extinction ratio and the number of reinforcers delivered during the previous VR FR 1 phase.
Pearson r values for the regression line fit to the extinction ratio data decreased monoton- ically in relation to the stringency of the extinction criterion. The slope of the regression line also decreased, but not as consistently. Figure 5 shows scatter plots of the total number of key pecks emitted in the presence of each discriminative stimulus of the extinction phase and the extinction ratio, plotted as a function of the order of the extinction series, to examine the effect of repeated exposure to extinction. Data for all subjects were combined to calculate the correlation between repeated exposure to extinction and the three measures described above. Total responses (FR 1, r ϭ Ϫ.08, VR, r ϭ Ϫ.20) and extinction ratio (r ϭ Ϫ.18) measures showed no consistent relation to the number of exposures to extinction.
Extinction performances also were measured in terms of the changes in the log proportions of the response rates of the first extinction session (cf. Nevin, Smith, & Roberts, 1987) over the first 10 sessions of multiple EXT EXT. Response rates generated in the VR component of the multiple VR FR 1 were usually higher than response rates in the FR 1 component. Proportion of initial extinction Fig. 3 . Total responses during extinction expressed as the extinction ratio (VR responses:FR 1 responses; vertical axes) for each extinction series as a function of the number of reinforcers per component schedule during the immediately preceding exposure to multiple VR FR 1 (horizontal axes) for each pigeon. The dashed lines for Pigeons 3519 and 3180 show the extinction ratio after exposure to the multiple VR VR phase only. Asterisks designate the termination of the extinction phase before reaching the extinction criterion. Plus signs designate an apparatus failure during the multiple VR FR 1 phase of the extinction series. The panel labeled ''ALL'' shows the data points from the individual plots except those that did not meet the extinction criterion and those that followed the apparatus failure during multiple VR FR 1. ''r'' is Pearson's r and ''b'' is the slope of the regression line fit to all the points in the graph. responding was used to adjust for these initial differences produced by the different schedules of reinforcement. The slopes, calculated using the method of least squares, provided an index of the rate of change from the baseline conditions. The smaller the value of the slope (b), the greater the resistance to extinction (behavioral momentum). This relation between the slope measure and behavioral momentum required the ratio of the slopes to be expressed as slope FR 1 divided by slope VR to make it comparable to the extinction ratio (see above). A ratio of slopes of 1.00 indicates no PREE. Values greater than 1.00 Fig. 5 . Total number of key pecks in extinction after FR 1 (upper panel) and total number of key pecks in extinction after VR reinforcement (middle panel) as a function of the presentation order of the extinction series. The lower panel shows the extinction ratio (total responses in the former VR component:total responses in the former FR 1 component) as a function of the presentation order of the extinction series. The dashed line at 1 on the vertical axes designates no PREE. Each panel shows the data points for all extinction series except those in which the extinction criterion was not met and those that followed an apparatus failure during multiple VR FR 1. ''r'' is Pearson's r and ''b'' is the slope of the regression line fit to all the points. indicate a PREE, and values less than 1.00 indicate a reversed PREE. Figure 6 shows the linear regression lines fitted to the log proportion data for 2 pigeons. Pigeons 3519-1 and 2842-4 provide examples of the PREE and the reversed PREE, respectively. Included in each panel is the value for the ratio of slopes.
Ratios of slopes for the log proportion data were calculated for all series, and Figure 7 shows scatter plots of the ratios of the slopes as a function of the number of reinforcers delivered during multiple VR FR 1. Data from all the pigeons were included, except those from Pigeons 2880-1 and 3519-4 due to the apparatus failure during multiple VR FR 1. The ratios of the slopes of the log proportions were uncorrelated with the number of reinforcers per component delivered during the multiple VR FR 1 phase (r ϭ Ϫ.01), but the between-subjects variability in the ratios seemed to decrease as the number of reinforcers per component schedule during mul- tiple VR FR 1 increased. When the data were viewed as a proportion of response rate during the initial extinction session, there was no consistent evidence of either a PREE or a reversed PREE over the first 10 sessions of extinction.
DISCUSSION
The PREE, as measured by the total number of responses during extinction, was replicated both within and between subjects using a within-subject free-operant experimental design. The PREE was evident across a range of VR values and session durations as well as different numbers of interpolated reinforcers delivered with an FR 1 schedule. These data conflict with the reversed PREEs generated by previous free-operant within-subject experiments (Adams et al., 1982; Pavlik et al., 1967) .
The difference in results between the present and previous reports may have been due to our equating the number of reinforcers delivered during both the FR 1 and VR schedules. Equating the number of reinforcers in between-subjects experiments has not been necessary to produce the PREE (see Jenkins & Stanley, 1950) . The extent to which the PREE can be produced using a within-subject procedure without equating the number of reinforcers presented during the intermittent reinforcement and FR 1 schedules, however, has not been examined explicitly. An experiment relevant to this issue (Pavlik, Carlton, & Manto, 1965 ) compared a within-subject procedure that equated the number of responses (60) to a procedure that equated the number of reinforcers (40). Both procedures produced a PREE, but equating the number of reinforcers produced a larger PREE as estimated by the difference in the total extinction responses. Although it may not be necessary, equating the number of reinforcers between intermittent reinforcement and FR 1 schedules may increase the likelihood of producing a within-subject PREE.
In the present study, the number of responses emitted during extinction showed no consistent relation to the number of reinforcers presented during training, which conflicts with previous experiments (Hearst, 1961; Jenkins, 1962; Perin, 1942; Williams, 1938; Wilson, 1954) . This failure to replicate the conventional relation between number of reinforcers and number of responses in extinction may be a result of the extensive amount of training involved in the present experiment. The numbers of reinforcers delivered before extinction was implemented in the present procedure were for the most part far in excess of those used in previous research on extinction. Experiments in which the number of reinforcers has been manipulated did not exceed 100 reinforcers during training (Hearst, 1961; Jenkins, 1962; Perin, 1942; but see Wilson, 1954) .
The extent to which additional reinforcement training will increase responding during extinction may be limited. In effect, a ceiling may be reached whereupon responding during extinction would no longer increase with additional reinforcement during training. Previous experiments that manipulated the number of reinforcers (Hearst, 1961; Perin, 1942; Williams, 1938) have examined smaller ranges and have shown that the relation between number of reinforcers and extinction responses is not simply linear, but is more accurately described by a negatively accelerated function that approaches an asymptote. The nature of this function may explain why the present experiment did not reveal a consistent relation between number of reinforcers and number of extinction responses. In the presence of the stimulus that was correlated with VR reinforcement throughout the first two phases of the extinction series, the number of reinforcer presentations ranged from 200 to 8,750, which may be at the high end of a negatively accelerating function. If so, the lack of a relation between reinforcers in the presence of the VR discriminative stimulus and the number of responses in extinction after VR reinforcement would be understandable.
The use of a conservative extinction criterion (five sessions without a response in the presence of either discriminative stimulus) in the present study made it possible to compare several criteria, retrospectively, that were less conservative. The correlation between the extinction ratio and the number of reinforcers presented during training decreased as the criterion was made more lenient (i.e., less continuous time without a response). Independent (i.e., unlinked) determination of extinction for the discriminative stimuli also reduced the Pearson r values. These results suggest that part of the variability reported by Williams (1938) , Perin (1942) , and others may have been due to the premature termination of the extinction procedure. Until there is a more thorough analysis of the role that extinction criteria play in the production of the PREE, criteria based on time without a response should be fairly conservative and should be tied to extinction after both FR 1 and intermittent reinforcement to equate the total amount of exposure to extinction.
One concern with individual-organism phenomena is the repeatability of the event within a single subject. Does the experience of a certain kind leave the organism irreversibly changed with respect to that kind of experience from that point forward? Previous research (Bullock & Smith, 1953; Clark & Taylor, 1960) suggested that extinction had an irreversible effect upon an organism. Repeated exposure to FR 1 followed by 60 or 90 min of extinction reduced the number of lever presses over successive extinction tests (i.e., the repeated-extinction effect) when both training and extinction occurred on the same day. Repeated exposure to intermittent reinforcement followed by extinction also showed the repeated-extinction effect (Bullock, 1960) . When rats were exposed to FR 1 and extinction on alternate days, the number of bar presses increased during the second exposure to extinction but slowly decreased during successive replications (Wickens & Miles, 1954) . The repeated-extinction effect, however, was not found when the cycle consisted of a training phase of 2 days followed by an extinction phase of 8 days (Anger & Anger, 1976) unless the analysis was limited to the first session of each eight-session extinction condition. These results suggest that responding early in extinction may be reduced over successive exposures to extinction, but overall output during extinction is not diminished. Use of the stringent criterion of extinction employed in the present experiment may have made it less likely that a repeated-extinction effect was observed. Consistent with this view is that the total number of responses emitted during the first session of an extinction block (normalized by expressing the first-session totals for all subsequent extinction exposures as proportions of the first-session total from the first exposure to extinction) was negatively correlated with the number of exposures to extinction (r ϭ Ϫ.46 after VR, r ϭ Ϫ.53 after FR 1). The present findings, in combination with those from previous research, indicate that virtually complete extinction of behavior may be a reversible process, at least with respect to total responses emitted, if the organism is presented with enough reinforcers between extinction exposures and responding is allowed to occur until extinction is essentially complete.
In the present experiment, exposing individual subjects to both VR and FR 1 histories of reinforcement may have produced an interaction between the two schedules of reinforcement (e.g., chaining). To reduce possible conditioning effects produced by the presentation of the FR 1 component, the keylight and houselight were darkened for 1 min between the components. The darkened key was operated (topography unknown) on occasion (i.e., about once or twice every 10 sessions), but the lack of continued and persistent responding during the 1-min timeout intervals is inconsistent with the view that chained responding between the VR and FR 1 components occurred during the multiple VR FR 1 phase.
Multiple schedules also may result in behavioral contrast or induction interactions. These types of interactions occur when changing reinforcement rate in one component of the multiple schedule affects the rate of responding in the other component. In the case of behavioral contrast, the effect is in the opposite direction of the change in reinforcement rate (e.g., decreasing rate of reinforcement in one component increases the rate of responding in the other component). In behavioral induction, the change in response rate is in the same direction as the change in reinforcement rate (e.g., decreasing the rate of reinforcement in one component decreases the rate of responding in the other component). These types of interaction could be detected when schedules were changed from multiple VR VR to multiple VR FR 1. Changing one component from VR to FR 1 increased the rate of reinforcement for that component. The effect of this change on the terminal performance of the unchanged component (e.g., 5 days before the initiation of the multiple EXT EXT phase) was inconsistent. Pigeons 2374 and 2822 showed consistent increases, and Pigeon 2880 showed consistent decreases in keypecking rates in the unchanged component, but most showed varied effects (3519, 2875, 3180, and 2842) . The lack of a consistent contrast or induction effect both between and within subjects suggests that this variable had little influence on extinction responding under the present parameters.
A possible limitation of the multiple-schedule design centers on the choice of the keylight color of the first component of the first extinction session. Discriminative stimuli that occasioned the different reinforcement schedules (i.e., VR or FR 1) were presented at different times during training and continued to be presented at different times during extinction. This procedure requires each subject to be exposed to extinction in the presence of one discriminative stimulus before being exposed to extinction in the presence of the other discriminative stimulus. The arrangement gave each subject an immediate history with extinction, in the presence of the first discriminative stimulus, that could have reduced the number of responses in the presence of the second discriminative stimulus. To investigate this possibility, the data from all the pigeons in this experiment were grouped together for a post hoc statistical analysis. Two analyses of variance for repeated measures were calculated to examine the effect the order of discriminative stimulus presentations might have had on (a) the total number of responses emitted during the first two discriminative stimulus presentations and (b) those emitted during the entire extinction phase. Results from the first analysis showed a statistically significant interaction effect between the order of the first two discriminative stimuli and the total number of responses emitted during those components, F(1, 24) ϭ 4.45, p Ͻ .05. That is, the total number of responses in the presence of the discriminative stimulus associated with VR reinforcement was higher when it was presented first than when it was presented second. The total number of responses in the presence of the discriminative stimulus associated with FR 1 reinforcement, however, was not consistently higher or lower whether that discriminative stimulus had been presented first or second. Analysis of the entire extinction phase (i.e., to the extinction criterion) showed no statistically significant effects. These results suggest that the order of component presentation may be important early in extinction, but that the effect is reduced with continued exposure to alternating extinction components.
The present experiments were not specifically designed to test extant theories of the PREE, and the results generally have little bearing on them. The results may, however, have relevance for Nevin's approach based on the concept of behavioral momentum (see Nevin, 1988) . In its simplest form, Nevin's account predicts more resistance to change as rate of reinforcement in the presence of a stimulus prior to extinction is increased. In general, change during extinction is measured as a proportional change in rate over the course of extinction. To assess the rate of change, straight-line functions can be fit to proportions (or logarithms) of rates over the course of extinction. Greater resistance is indicated by shallower slopes. The conditions of the present study, therefore, would be predicted to produce shallower slopes for extinction after FR 1 because rate of reinforcement is higher under FR 1 than under the VR schedules. Such a result was not consistently obtained (see Figures 6 and 7) .
The findings of our study stand in contrast to those described by Nevin (1988) in his review of several studies in which FR 1 and intermittent reinforcement were compared. He found that slopes for responding after FR 1 training were shallower than those for responding that had been maintained by intermittent reinforcement, and that the difference in slopes increased as the number of reinforcers during training increased from 15 to 500. Total numbers of reinforcers during training, especially if considered across the duration of the experiments, were much greater in our study, and the differences in results may be related to this factor.
Although the present study does not offer much information relevant to several theories of the PREE, with some modification the technique used here could be applied to test those theories. For example, the discrimination hypothesis put forth by Mowrer and Jones (1945) could be examined by having several, rather than two, components in the multiple schedule. The degree of similarity between extinction and conditions of rein-forcement (the factor suggested by Mowrer and Jones to be the determinant of the PREE) could then be varied systematically across components. Such a procedure might also serve to test Capaldi's sequential theory (Capaldi, 1967) by arranging particular sequences of reinforced and unreinforced responses in different components of the multiple schedule.
The present experiment illustrates a procedure for the repeated production of the PREE within a single organism. It seems safe to conclude from the results of the present experiment that the PREE is a behavioral phenomenon (Sidman, 1960) that exists at the level of individual organisms. The present procedure can therefore be used to assess a range of parameters of a variety of independent variables on a continuous measure of the magnitude of the PREE (i.e., the extinction ratio). For example, the present experimental procedure could be used to assess more accurately the effects of repeated exposures to extinction. If the repeated-extinction effect is constant (i.e., the extinction ratio remains unchanged after repeated exposure to the same number of reinforcers during training), a baseline would then exist to test a range of independent variables on behavior undergoing extinction using a single organism. Received August 10, 1995 Final acceptance September 9, 1996 
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